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1.0 INTRODUCTION 

The inorganic matter i n  coal can be c lass i f ied  into three groups of 
minerals according t o  t h e i r  reactions w i t h  hydrogen sulfide ( H  S ) :  
(1) basic minerals, (2) minerals w i t h  c a t a ly t i c  ac t iv i ty ,  and f 3 )  i ne r t  
minerals. In the range of temperatures 200-90OoC, most of the minerals 
a re  ine r t  o r  have a s l i gh t  ca t a ly t i c  ac t iv i ty  on the r a t e  of decomposi- 
tion of H2S. However, the basic minerals react w i t h  H2S and the corre- 
sponding sulfides a re  formed. 
category a re  c a l c i t e  (tr igonal CaCO ), aragonite (orthorhombic CaC03), 
dolomite (CaCO3.MgCO3), s i d r i t e  (Fe803), and t o  some extent montmorilonite 
(clay) (Attar,  1977). 

involves four reactions (Glund et  a l . ,  (1930), Stinnes (1930), Bertrand 
(1937), Parks (1961), and Squires 771972)). 

The  most important minerals i n  this 

The systems of reaction between H2S and a metal carbonate MCO3 

1. Direct reaction of the  carbonate w i t h  H2S: 

MC03 + H2S + MS + H20 + C02 

MC03 -f MO + C02 

MO + H2S -f MS + H20 

(1 1 
2. Decomposition of the carbonate to  the  oxide and C02: 

(2) 

3. Reaction between the oxide and H2S: 

(3) 

4.  Sintering of the oxide and the formation of non-porous materials. 

porous MO 4 non-porous MO (4 )  

Reactions 1. and 2. a r e  para l le l ,  and reactions 3. and 4 .  a r e  para l le l .  
The l a s t  two reactions a re  in ser ies  w i t h  reaction 2. 

b 
,-% non-porous MO 
/ 

C02 + MO (5) 
H2S MS + H20 

\ H2S * MS + CO2 + H20 
MC03 

H2S is  formed i n  coal by the reactions of FeS2 w i t h  hydrocarbons and H , 
(Powell, 1921) and by the decomposition of the organic su l fur  compound% 
Thiessen (1945). In par t icu lar ,  H2S i s  formed when the su l f id ic  functional 
groups decompose t o  H2S and an olefin.  The H2S can react w i t h  the  basic 
minerals and thus, the su l fur  i s  trapped i n  the char i n  the form of the 
sulfide (Armstrong 1939). The kinetics of the reactions of H2S w i t h  
calcined dolomite and c a l c i t e  were studied by Squires and co-workers 
(1970, 1972). 
rate,  and r a t e  constants were derived fo r  the reactions of H2S w i t h  
ca lc i te ,  s i d r i t e ,  dolomite, and montmorilonite. 

In the present work, the  mechanism of the reaction, t h e i r  
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Complete conversion o f  do lomi te t o  Cas and MgC03 i s  obta inable a t  
570°C, bu t  o n l y  1.8-2.9 W t .  % o f  -200 mesh c a l c i t e  r e a c t i o n  a t  these 
condi t ions (2.1 d / g m  sur face area). 
r e a c t  a t  e s s e n t i a l l y  i d e n t i c a l  ra tes .  
i s  however very s e n s i t i v e  t o  impur i t ies .  

D i f f e r e n t  r a t e  c o n t r o l l i n g  steps l i m i t  the apparent r a t e  o f  con- 
sumption o f  H2S a t  d i f f e r e n t  temperatures. The r a t e  c o n t r o l l i n g  s tep 
depends a l s o  on t h e  p a r t i c u l a r  m a t e r i a l  and on i t s  c r y s t a l l i n e  s t ruc tu re .  
A t  low temperatures, the  r a t e  i s  c o n t r o l l e d  by t h e  r a t e  o f  mass t r a n s f e r  
and by the  r a t e  o f  d i f f u s i o n  o f  C02 i n  MS. A t  in termediate temperatures, 
the  r a t e  o f  consumption o f  H2S i s  c o n t r o l l e d  by the  a v a i l a b i l i t y  o f  f r e e  
surface of MO o r  MCO3. I n  t h i s  range o f  temperature, t h e  carbonates 
decompose according t o  r e a c t i o n  2, a new sur face i s  thus exposed which 
i s  n o t  covered by MS, thus, t h e  e f f e c t i v e  r a t e  o f  consumption o f  H2S 
increases. The a v a i l a b l e  sur face decreases by s i n t e r i n g  when t h e  temper- 
a tu re  i s  too  high, thus t h e  r a t e  o f  consumption o f  H2S may decrease. 
the  r a t e  o f  decomposition o f  MCO3 becomes very large,  the  r a t e  o f  con- 
sumption o f  H2S may be l i m i t e d  by mass t r a n s f e r  i n  t h e  gas. 

The c r y s t a l l i n e  s t r u c t u r e  o f  c a l c i t e  and dolomi te i s  t r i g o n a l  
(Bragg &fi. (1965) p. 127) and i s  b a s i c a l l y  i d e n t i c a l ,  except t h a t  i n  
dolomite a l t e r n a t e  Ca+2 ions  a r e  replaced by Mg+2 ions.  
dimensions r e  d i f f e r e n t  because the  i o n i c  rad ius  o f  Mg+2 i s  0.65 A and 
t h a t  o f  Ca+? i s  0.99 A (Greenwood, 1970). The mechanism o f  t h e i r  r e a c t i o n  
i s  however very d i f f e r e n t .  

and, does n o t  vary  wi th  t h e  conversion (up t o  30 W t .  % conversion). 
Impure dolomi te reac ts  i n i t i a l l y  a t  a much l a r g e r  r a t e  then a f t e r  some 
o f  i t  had been converted. 
i n i t i a l  r a t e  a f t e r  about 4% o f  t h e  mater ia l  had been converted. A t  
570°C c a l c i t e  reac ts  i n i t i a l l y  a t  about t h e  same r a t e  as pure dolomite, 
however, t h e  r a t e  o f  r e a c t i o n  drops t o  n i l  very  r a p i d l y .  We est imate 
t h a t  when a l a y e r  o f  about 7.8 molecules o f  Cas, on the  average, i s  
formed on the  sur face o f  c a l c i t e ,  t h e  d i f f u s i o n  o f  H2S i s  blocked and 
the r e a c t i o n  stops. The l a y e r  o f  Cas breaks a t  around 635-650°C when 
the "pressure" o f  C02 i n s i d e  t h e  CaC03 c r y s t a l  due t o  the  decomposition 
reac t ion  

A t  700°C c a l c i t e  and dolomi te 
The r a t e  o f  r e a c t i o n  o f  do lomi te 

When 

The spacia l  

The r a t e  o f  r e a c t i o n  o f  pure dolomi te w i t h  H2S i s  almost constant, 

A t  570°C t h e  r a t e  drops t o  about h a l f  t h e  

CaC03 + CaO + C02 (7)  

becomes excessive. When t h e  CaS l a y e r  breaks, a new surface i s  exposed 
and t h e  r e a c t i o n  can proceed. 
detected between t h e  r a t e  o f  r e a c t i o n  o f  c a l c i t e  and dolomite. 

Around 700°C no d i f f e r e n c e  could have been 

2.0 EXPERIMENTAL 

Figure 1 i s  a schematic f l o w  diagram which shows the  r e l a t i o n s  among 

The experimental system cons is ts  o f  f o u r  major components: (1)  a 

the var ious par ts  o f  t h e  system. 

d i f f e r e n t i a l  reac tor ,  (2) a pu lse  i n j e c t o r ,  (3) a gas chromatograph w i t h  
a TC detector ,  and (4) an i n t e g r a t o r  wi th  a data system. 
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Figure 2 shows the different ia l  reactor. The shell  ( l ) ,  the tube 
(2) ,  and the f i l l e r s  (3) a r e  made out of quar tz .  The gas i n l e t  and 
out le t  a r e  through a SS connector. 
the wall of a high temperature furnace which temperature i s  controlled 
and monitored. 

controlled gas-chromatograph injector .  The s ize  of the injector  loop 
determines the s ize  of the pulse of H2S which i s  introduced into the stream 
of helium. The helium passed th rough  the reactor and into a chromato- 
graphic column and detector.  

pulse which consists of the reaction products plus the unreacted H2S. 
The mixture of gases i s  separated on the column and detected by the TC 
detector. 
which multiplies the areas by the proper cal ibrat ion factors and pr ints  
the amounts of each component in the pulse of products of the reaction. 
The integrator and the injector  a re  synchronized so t h a t  periodic opera- 
tion i s  possible. 

The over- 
a l l  accuracy of the analysis was a t  l ea s t  10% and usually better than 2% 
based on material balance. 

chromosorb 103 80/?00 mesh a t  90°C . 

except fo r  the ca l c i t e  which was purchased from Fisher Scient i f ic .  

The quartz reactor i s  inserted through 

Pulses of the reactive gas ,  H2S, are fed using a microprocessor 

Each pulse of H2S which i s  injected into the reactor resulted i n  a 

The signal from the detector i s  integrated by a microprocessor 

The repeatabi l i ty  o f  the injections was 0.05% or bet ter .  

Mixtures o f  H S,  Cop,  and H20 were separated on a 6 '  X 1/8" column of 

The various minerals t h a t  were tested were NBS standard minerals,* 

The helium flow was 75 ml/min. 

*We wish t o  thank Dr. J .  C .  Butler, chairperson of the Department of Geology, 
University of Houston, who gave us the minerals. 
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3.0 MATHEMATICAL ANALYSIS 

The r a t e  of the reaction r can be estimated u s i n g  the relation: 

where q i s  the ca r r i e r  r a t e  of flow, W, the weight of material i n  the 
reactor,  Wo the number of moles tha t  were injected i n  a pulse, Wi the  
number of moles of unreacted products, P i  the number of moles of products, 
and a a stoichiometric coefficient.  

The r a t e  of consumption of the so l id  i n  the reactor depends on the 

Extention of the theory t o  other cases i s  s t ra ight  forward. 

amount of solid,  A ,  and on the instantaneous concentration of gas, C ,  
around i t ;  several cases deserve special attention and will be discussed 
i n  de t a i l .  

3.1 

When the r a t e  of reaction depends on the n - t h  power of the weight 

Rate of Reaction Depends on n-Power of the Solid 

of the solid i n  the reactor,  A ,  then:* 

I t  i s  assumed for  the moment tha t  only one reaction takes place. I f  we 
multiply equation (9 )  by q, the volumetric r a t e  o f  flow o f  the gas, and 
rearrange the equation we obtain: 

- -2- d(A1-n) = kqc-dt 1 -n 

Integration o f  the equation f o r  the i - t h  pulse yields 
m 

- -& (Ai’-n - Ai:;) = kqcidt 
ti 

(11) 

If the reaction i s  isothermal and only a small fraction of the pulse i s  
consumed, t h u s  the lower bound on k ,  k l ,  can be obtained by taking c = c 
(feed) 

m m 

klqcdt = k l  qcidt = klWi (12) 
t i  t i  

where Wi i s  the number of moles of HzS tha t  were 
pulse. Combining the l a s t  two equations yields:  

injected i n  the i- th 

(13) 

*This assumption i s  equivalent t o  saying tha t  the  r a t e  of the reaction 
depends on a property of the solid which depends on the n-the power of i t s  
weight e.g., the surface area i s  roughly proportional t o  A2/3. 
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Equation 14 can be used t o  evaluate B f r o m  which the  r a t e  constant k can 
be determined. 

When a small f r a c t i o n  o f  the ma te r ia l  i s  converted, A i  z Ao, a p l o t  
1 B A .  

o f  l o g  -2 vs. i y i e l d s  a s t r a i g h t  l i n e  w i t h  the  s lope log  (1 -  F). 
To evaluate n, several experiments should be c a r r i e d  out w i t h  d i f f e p e n t  
i n i t i a l  amounts o f  the  s o l i d  A,, o r  w i t h  pulses w i t h  a d i f f e r e n t  s ize ,  W.  

The upper bound on the r a t e  constant k,  k,, can be estimated using 
the  value o f  c a t  the o u t l e t :  

c = -  qC0 

q + akAn (16) 

where Co denotes the  concentrat ion o f  the gas i n  the  feed; and (x i s  a 
c o e f f i c i e n t  t o  account f o r  d i f f e r e n c e s  i n  the stoichiometry.  Subs t i tu -  
t i o n  o f  equation (16) i n  equation (9) y i e l d s :  

(A:-" - AI::) + (x (Ai - Ai-l) = -Wi 

~ From ~ s to ichiometry:  

a (Ai-1 - Ai) = ( W .  1 - W i o u t  ) (19) 

Therefore: .* (A]-n - i - 1  = -Wiout (20) 

o r  - -. 1 

(21 1 

2 

The case where n # 1 i n  the fo l l ow ing  

A very important special  case i s  when n = -. Th is  occurs when the  
When the s o l i d  r a t e  o f  reac t i on  depends on the  a v a i l a b l e  surfase area. 

i s  " i n f i n i t e l y  porous" i t  may be 1. 
sect ion.  

218 
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3.2 

I f  a l l  t h e  amount o f  the  s o l i d  i n  the  r e a c t o r  i s  equa l ly  a v a i l a b l e  

Rate o f  Reaction Propor t ional  t o  t h e  Weight o f  t h e  S o l i d  

f o r  react ion,  t h e  r a t e  may depend on t h e  f i r s t  power o f  the  weight o f  
the  s o l i d .  

(22) - -  :: = kAC 

The lower bound on t h e  r a t e  constant  can be evaluated from t h e  equation: 

(23) 

Equation (23) can be s i m p l i f i e d  i f  the  s i z e  o f  the  pulses i s  equal, namely 
Wi = W f o r  a l l  i. Then: 

kl A .  
In--!-=-- w 

Ai-, q i 

keW Y = -  q 
A.  

A p l o t  o f  l o g  vs. i should y i e l d  a s t r a i g h t  l i n e  w i t h  the  slope y, 
A0 

when such a model holds. 

The upper bound on k ,  ku, can be evaluated us ing  t h e  equation: 

o r  

kuWi - -  - -  - e  9 
Ai 

kU i 
- Ai = e - - ~ w  
A0 q o  i 

3.3 Evaluat ion o f  t h e  Rate Constants f rom Experimental Data 

The data t h a t  a re  der ived i n  each experiment inc lude t h e  i n i t i a l  
c o n d i t i o n  o f  the  sample, i t s  weight, W,, and i t s  s p e c i f i c  sur face area, 
Sa. The length  o f  t h e  cyc le ,  e i s  u s u a l l y  determined by t h e  d i f f i c u l t y  
o f  t h e  separat ion o f  the  products. The number o f  moles o f  r e a c t i v e  gas 
per i n j e c t i o n ,  W, i s  determined by t h e  f ineness o f  t h e  r e s o l u t i o n  which 
i s  requ i red  o r  by t h e  s e n s i t i v i t y  o f  t h e  experimental system. The value 
of q can be used t o  modify B o r  y ,  however i t  i s  u s u a l l y  d i c t a t e d  by t h e  
separat ion procedure. 

The area o f  t h e  peak o f  unreacted gas from t h e  i - t h  pu lse i s  denoted by 
S i .  and t h e  area o f  the  peak o f  the  i - t h  product from the  i - t h  pu lse  i s  
denoted by Kj, where the response t o  t h e  pulsed gas i s  taken as a u n i t y .  
The t o t a l  weight o f  s o l i d  i n  t h e  r e a c t o r  can r e a c t  w i t h  the  s to ich iomet r ic  

The area o f  t h e  pulse of gas when no r e a c t i o n  occurs i s  denoted by S o .  
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amount o f  gas, W ; the equivalent area t h a t  a peak o f  magnitude W would 
have had i t  denofed by ST. It i s  assumed t h a t  the de tec tors  a re  ?inear,  
therefore,  when a l l  the  weight o f  t he  s o l i d  i s  a v a i l a b l e  f o r  the reac t ion :  

The average r a t e  o f  consumption o f  gas per u n i t  mass o f  s o l i d  i s :  

The ra te  o f  the s ing le  r e a c t i o n  which produces the  j - t h  product i s :  
q s . .  

- =a2 
ri K S  w 

J O S  

Note t h a t  i f  on ly  p a r t  o f  so l i d ,  e.g. on ly  a surface l aye r  on the  top  o f  
each c r y s t a l  reacts,  then ST w i l l  have t o  be determined exper imental ly 
from the r e l a t i o n :  

m 

4.0 RESULTS 

The most important var iab les  t h a t  a f f e c t  the  r a t e  o f  the  consumption 
o f  H2S are the  temperature, t he  t ime-temperature h i s t o r y  o f  the  sample, 
t he  i n i t i a l  cond i t ions  o f  t h e  sample, and the  conversion. 

Two types o f  k i n e t i c  e x p e r i l e n t s  were conducted: 
and ( 2 )  "temperature programmed. 
w i t h  a f i xed  s ize  were i n jec ted ,  and t h e  amounts o f  C02, H20 and unreacted 
H S were determined __ 2 .  .-~.L-.- ~ ana t n e i r  s p e c i t i c  surtace area was detem-ined by Nfadsorpt ion.  

conclusions: (1 )  The t o t a l  number o f  moles o f  MS t h a t  a r e  formed i s  
equal t o  the  t o t a l  number o f  moles of H2S t h a t  are consumed; and a lso  t o  
the  number o f  moles o f  water t h a t  a r e  produced. (2 )  The number o f  moles 
o f  H20 and o f  C02 t h a t  a re  produced i n  reac t i on  1 as a r e s u l t  o f  a given 
pulse of  H2S, i s  equal t o  the  number o f  moles o f  H2S t h a t  a re  consumed i n  
the  react ion.  The number o f  moles o f  H20, i n  excess t o  the  number o f  
moles o f  C02, a r e  formed by reac t i on  3.  Figure  3 shows the  isothermal 
r a t e  o f  consumption o f  H2S by c a l c i t e ,  pure dolomite, dolomite, mont- 
mor i l on i te ,  and s i d r i t e  a t  570°C, as a func t i on  o f  t he  conversion o f  t he  
so l i d .  The r a t e  o f  the  r e a c t i o n  w i t h  H S behaves according t o  one o f  
th ree  modes: 
w i t h  the conversion, bu t  complete conversion i s  obtainable,  (3 )  r a t e  
decreasing very r a p i d l y  w i t h  the  conversion, and complete conversion i s  
not obtainable. 

(1)  "isothermal ." 
I n  add i t ion ,  t h e  raw carbonates were tes ted  by DTA 

I n  each experiment, pulses o f  H2S 

- 

Arguments o f  ma te r ia l  balance can be used t o  deduce the  f o l l o w i n g  

(1) r a t e  independent o f  t i e  conversion, ( 2 )  r a t e  decreasing 
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The r a t e  o f  reac t i on  o f  dolomite a t  570°C as a func t i on  o f  t he  
conversion i s  almost constant. However, a t  700°C the  r a t e  decreases 
s lowly  w i t h  t h e  conversion. The r a t e  o f  reac t i on  o f  c a l c i t e  a t  57OOC 
decreases very sharply, and becomes e s s e n t i a l l y  zero a f t e r  about 2.8% 
of t he  mater ia l  a re  converted. A t  700°C the  ra tes  o f  conversion o f  
dolomite and c a l c i t e  t o  MS a r e  the  same. 

FeO and C02 a r e  formed. The decomposition o f  s i d r i t e  i s  complete a t  
495"C, FeO s i n t e r s  much more r a p i d l y  then CaO. 
surface area o f  FeO decreases when the  s i d r i t e  i s  heated f o r  prolonged 
times above 500OC. Figure 4 shows the  r a t e  o f  consumption o f  H2S by 
decomposed s i d r i t e  t h a t  was kept 2-1/4 and 5-1/4 hours a t  635°C. 

and s i d r i t e  which temperature was increased a t  about 3.3 "C/min. The 
data were not cor rec ted  f o r  t h e  conversion o f  the mater ia l ;  t h e  e f f e c t  
o f  t he  c o r r e c t i o n  i s  more important a t  the higher temperatures. The 
r a t e  o f  consumption o f  H2S by c a l c i t e  and dolomite seems t o  be very 
s i m i l a r  above 650°C, however, d i f f e r e n t  ra tes  are observed below 650OC. 
Figure 6 shows the  r a t e  o f  e v o l u t i o n  o f  C02 from c a l c i t e  and dolomite 
as a r e s u l t  o f  r e a c t i o n  1. The data show very c l e a r l y  t h a t  t he  r a t e  o f  
evo lu t ion  o f  C02 f r o m  c a l c i t e  decreases w i t h  the temperature up t o  635°C 
but then i t  increases very r a p i d l y  and a t  about 700°C it becomes i d e n t i c a l  
t o  the  r a t e  o f  evo lu t ion  o f  C02 f r o m  dolomite. The r a t e  o f  e v o l u t i o n  o f  
C02 from dolomite increases monotonical ly w i t h  the temperature. 
should however be noted t h a t  the  apparent decrease i n  the  r a t e  i s  due t o  
the  coverage o f  t he  surface by Cas and the c rea t ion  o f  res is tance t o  
mass t r a n s f e r  o f  C02. 
reac t ion  o f  c lean surfaces). The r a t e  o f  evo lu t ion  o f  C02 t h a t  r e s u l t s  
f r o m  the  thermal decomposition o f  t he  carbonate, shows as a continuous 
d r i f t  i n  the de tec tor  base l i n e .  The decomposition o f  c a l c i t e  and 
dolomite t o  CaO were complete a t  810°C and the  decomposition o f  s i d r i t e  
was complete a t  495OC. 
reac t i on  3. The data show t h a t  the r a t e  o f  evo lu t ion  o f  water becomes 
almost constant a t  temperatures above 685°C where no more C02 i s  formed 
by r e a c t i o n  1. 

5.0 DISCUSSION OF THE RESULTS 

S i d r i t e  decomposes a t  much lower temperatures than CaC03 o r  dolomite, 

Thus the  a v a i l a b l e  

F igure  5 shows the  r a t e  o f  consumption o f  H2S by c a l c i t e ,  dolomite,  

I t  

(The p l o t t e d  r a t e  i s  no t  the i n i t i a l  r a t e  o f  

F igure  7 shows the  r a t e  o f  format ion o f  water by 

The discussion i s  d i v i d e d  i n t o  two pa r t s :  

5.1 The Mechanism o f  t he  Reactions 

The r a t e  o f  consumption o f  H2S i s  influenced by the  ra tes  o f  reac t ions  

discussion o f  the  mechanism 
o f  t he  react ions,  and discussion o f  the ra tes  o f  the reac t ions .  

1-4, which takes place simultaneously, and by the r a t e  o f  mass t r a n s f e r  o f  
HzS, H20, and CO through the  layer  o f  product MS which i s  formed on the  
surface o f  t he  ME03 c rys ta l s .  The r a t e  o f  the  chemical reac t ions  i s  a 
a strong f u n c t i o n  o f  the temperature, therefore,  d i f f e r e n t  reac t ions  may 
dominate a t  d i f f e r e n t  temperatures. I n  pa r t i cu la r ,  the  r a t e  o f  decompo- 
s i t i o n  o f  CaC03 and o f  dolomite ( reac t i on  2) becomes very l a r g e  a t  
temperatures above 739°C. Therefore, l a rge  amounts o f  MO a r e  produced 
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which competes w i t h  the  MCO3 on the a v a i l a b l e  H2S. Since CaO reac ts  w i t h  
HzS more r a p i d l y  than CaCO , the  apparent r a t e  o f  consumption o f  H2S by 
the  mixture o f  CaO-CaC03 a? temperatures above 730°C i s  s i g n i f i c a n t l y  
l a r g e r  then a t  lower temperatures. Mass t rans fe r  i n  the gas may a lso  
become the l i m i t i n g  s tep  a t  very h igh  temperatures. 

The r a t e  o f  mass t r a n s f e r  i n  the s o l i d  may l i m i t  the  apparent r a t e  
o f  reac t i on  by prevent ing  the  reagent H S from reaching the reac t ion  
metered, o r  by p revent ing  the  products EO2 and H20 from escaping out. 
The r o l e  tha t  the product MS p lays  depends on the c r y s t a l l i n e  s t ruc tu re  
o f  MS and t h a t  o f  "host"  c r y s t a l ,  the MO o r  the MC03. I f  the  c r y s t a l l i n e  
s t ruc tu res  o f  MS and t h e  host a re  "compatible" so t h a t  the  l aye r  o f  MS 
can adhere t o  the sur face  o f  t he  host, (as a s o l i d  so lu t i on )  then 
res is tance t o  mass t r a n s p o r t  w i l l  be created as a r e s u l t  o f  the reac t ion .  

Figure 3 shows t h a t  a t  57OOC c a l c i t e  stops t o  reac t  a f t e r  about 
2.8 W t .  % o f  the  -200 mesh mater ia l  was converted. Dolomite, which has 
the  same c r y s t a l l i n e  c o n f i g u r a t i o n  continues t o  reac t  al though the  i n i t i a l  
r a t e  o f  the r e a c t i o n  depends on the impur i t i es  i n  the ma te r ia l .  Dolomite 
and c a l c i t e  have t h  same c r y s t a l l i n e  s t ruc tu re ,  except t h a t  i n  dolomite 
every a l t e r n a t e  Ca+? i o n  i s  replaced by a Mg+2 ion .  Had a l l  the components 
o f  dolomite been r e a c t i v e ,  one would expect t h a t  MgS and Cas w i l l  be formed 
as a r e s u l t  o f  the  r e a c t i o n s  w i t h  H2S. 
formed since MgC03 does n o t  reac t  w i th  H2S a t  570°C. 
t inuous  l aye r  o f  Cas can no t  be formed on the surface o f  dolomite bu t  it 
can be formed on the  sur face  o f  ca l c i t e .  
average thickness o f  about 7.8 molecules i s  formed on the  surface o f  the  
c a l c i t e ,  a t  l e a s t  one o f  the  gases C02, H20, o r  CO2 can no t  d i f f u s e  
through i t  anymore and r e a c t i o n  1 stops. 

However, a t  570°C on ly  Cas i s  

Therefore, once a l aye r  o f  

Therefore, a con- 

It i s  p l a u s i b l e  t h a t  the  reac t i on  between H2S and c a l c i t e  stops 
because CO cannot d i f f u s e  through a l aye r  o f  Cas. One evidence which 
supports t f i s  theory  i s  t h a t  CaO reacts w i t h  HzS according t o  reac t ion  
3 and i s  completely converted t o  Cas. Had Cas been impermeable t o  H20 

conversion t o  Cas. 
~ 

~ _ _  or  t o  H25, t he  r e a c t i o n  02 CaO should have a lso  stopped before complete 

The l a t t e r  theory i s  supported by the  experimental evidence o f  C02 
by r e t e n t i o n  1 and o f  t h e  absorpt ion o f  H2S by reac t ions  1 and 3 as a 
f u n c t i o n  o f  the  temperature. The experiment was conducted as fo l lows:  
f i r s t  t h e  surface o f  t he  c a l c i t e  was reacted w i th  H2S a t  590°C u n t i l  the 
r e a c t i o n  stopped, and then the  temperature was programmed up slowly w h i l e  
i n j e c t i n g  small pulses o f  H2S t o  study the  r e a c t i v i t y  o f  the mater ia l .  
The data shows c l e a r l y  t h a t  around 640°C the l aye r  o f  Cas breaks, new 
surfaces o f  CaO + CaC03 a r e  exposed and reac t ions  1 and 3 can commence. 
The e q u i l i b r i u m  pressure o f  CO2 a t  64OOC i s  est imated t o  be about 0.02 
atms. Such a pressure i s  apparent ly s u f f i c i e n t l y  la rge  and can break 
the  l aye r  of Cas. 

The c r y s t a l l i n e  s t r u c t u r e s  o f  FeO and FeS are  d i f f e r e n t  and apparent ly 
FeS does not adhere t o  t h e  surface o f  FeO. Indeed, even i f  i t  adheres, 
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FeS seems t o  permit diffusion of H2S since reaction 3 can proceed a t  570°C 
into completion. However, limited resistance t o  mass t ransfer  i s  observed 
when 3-4 W t .  % of the material i s  converted. 

i t s  available surface area decreases very rapidly w i t h  time. 
that  a t  570"C, equation (14) with n = 2/3 f i t s  the data very adequately, 
b u t  a t  635°C or  700°C the description i s  inadequate. 
derived from equation (9) in which the sintering effect  which reduces the 
surface area was n o t  taken into consideration. Note that an increase in 
the temperature resul ts  in an increase in the r a t e  constant of reactions 
3 and 4.  The l a t t e r  reaction reduces the surface area which i s  available 
for reaction with H2S according to reactions 1 and 3. 

FeO s in t e r s  a t  a much larger r a t e  than CaO, and a t  high temperatures 
Figure 8 shows 

Equation (14) was 

5.2 Quantitative Rate Data 

Rate data on some selected systems i s  presented in Table 2. The 
data were derived on samples of par t ic les  -200 mesh, of about 0.1-0.2 gm 
each. Unless otherwise specified, the material was permitted t o  equi l i -  
br ia te  2-1/4 hours a t  the reaction temperature. 
has been used t o  evaluate the lower bound on the r a t e  constant. 

done with caution, since they have greatly different  values in different  
temperature regions. A summary of the data i s  given in Table 2. 

Equation (14) w i t h  n = 2/3 

The evaluation of the activation energies and the i r  use should be 

TABLE 2 

Activation Energies fo r  the Rate of Consumption 
of H7S by Minerals 

Mater i a 1 T O C  Range Controlling Mechanism Ea kcal/mole 
%30% 

Calcite 

Calcite (with 
CaO) 

Calcite (with 
CaO) 

Dolomite 
Dolomite ( w i t h  

Ca0.MgC03) 
S id r i t e  (with 

FeO) 
FeO 

560 Diffusion of gas 0.0 
through Cas 

560-670 Rate of reaction 19.0 

670 Rate of gas-phase 4.0 
J mass transfer 

640 Rate of reaction 12.2-1 3.5 
640 ' Rate of gas-phase 2.4 

460 Rate of reaction 15.2 
mass transfer 

460 Rate of gas-phase 0.0 
+ mass transfer and 
sintering 
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In general, mass transfer controls when the reacting material is a 
carbonate, and the rate of reaction (2) or the rate of gas-phase mass transfer 
will control when the reacting solid is the oxide. Small activation 
energies (0-4 kcal/mole) are observed when the carbonate reacts and 
30-45 kcal/mole are observed when the oxide reacts. Note should however 
be made of the decomposition reaction 2 in which the carbonate is trans- 
formed into an oxide. This reaction can not be controlled and it tends 
to activate the solid even when the carrier gas contains C02 (the rate 
of reaction 2 is suppressed in the latter case). 
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